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A continuum local hidden variable model




A prism-model-type continuum local hidden variable model is pre-
sented for the EPR spin-correlation experiment. The model repro-
duces the spin-correlations with all possible polarization angles. The
single detection eciency is
1
3 . By presenting such a model we prove
the existence of a full-edged continuum 11 prism model with
non-zero eciency.
1 Introduction
In 1991 Fine shown
(1)
that a the eciencies in a particular class of prism models
of the n n spin-correlation experiments tend to zero if n !1. The fact that
all of the known prism models belong to this class appears to be a serious
objection to Fine's interpretation of quantum mechanics. The reason is that a
local hidden variable model must cover all possible experimental setups, that is,
all possible polarization angles α, β in the left and right wings, because nature
does not know about how the experiment is designed.
In a previous paper
(2)
I shown that the symmetries of the experimental ar-
rangement do not necessarily imply that the corresponding prism model belong
to the above mentioned class. This new development reopened the question
about the existence of a full-edged prism model, covering all possible polariza-
tion angles, which is, however, free from the unwanted eciency! 0 if n !1
problem.
In the above cited paper I couldn't completely answer this question, I only
formulated a statement about the existence of eciency ! 0 if n ! 1-free
prism models with arbitrarily large, but nite n. Moreover, the paper was
already in print when I recognized that the proof of this statement was wrong,
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1
and, unfortunately, there seemed to be no easy way to correct it. In this paper,
however, I shall use a completely dierent method and prove an even stronger
theorem covering the whole continuous case: I shall explicitly construct an
innite prism model admitting all possible polarization angles α, β, in which, at
the same time, the eciencies are reasonably high.
2 A continuum prism model of the whole
11 spin-correlation experiment
Denote α and β the two polarization angles. The following things must be
represented in our model:













α, β 2 [0, pi]
II. The non-defectiveness events
Aα = A+α _A−α
Bβ = B+β _B−β α, β 2 [0, pi] (1)
together with the algebraic relations following from (1).

























































α, β 2 [0, pi] (4)
where probabilities p (Aα), p (Bβ) and p (Aα ^Bβ) are usually called the
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Figure 1: The hidden variable space
IV. The obvious symmetries of the whole experimental setup: (S1) None of
the left and right wings is privileged. (S2) There is no privileged direction
among the possible polarizer positions. That is,
p (Aα) = p (Bβ) = ω = constant (5)
p (Aα ^Bβ) = σ (α− β) (6)
The model is based on a hidden variable space (Fig. 1) consisting of four
regions D++, D+−, D−+ and D−−, which are four squares of size (pi + ∆) 
(pi + ∆). Denote x and y the usual horizontal and vertical coordinates in each.
The normalized probability measure is given by the four non-negative density




















ρ−−(x, y)dxdy+ = 1
The events are represented in the following way:
A+α =







(x, y) 2 D+− jβ  y  β + ∆} [ (x, y) 2 D−− jβ  y  β + ∆}
A+α ^B+β =

















Figure 2: ρ and f are symmetric functions of variable z
Bβ =

(x, y) 2 D++ jβ  y  β + ∆} [ (x, y) 2 D+− jβ  y  β + ∆}
[(x, y) 2 D+− jβ  y  β + ∆} [ (x, y) 2 D−− jβ  y  β + ∆}
One can easily verify that the required symmetries (5) and (6) are satised
by the following Ansatz :















ρ−−(x, y) = f(jx− yj)ρ(jx− yj) (10)






ρ(jx− yj)dxdy = 1 (11)
0  f(jx− yj)  12 x, y 2 [0, pi + ∆] (12)
Now, the probability measure on the hidden variable space, that is, the
functions ρ and f must be dened in such a way that the quantum probabilities
(2)-(4) are reproduced. Due to (7)-(12), equation (2) is automatically satised,
and if ρ and f satisfy (3) then they automatically satisfy (4). So, there remains





















It is convenient to use z = x−yp
2
as a new variable (Fig. 2) and to assume
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ρ(u)du = 1 (14)
0  f(z)  1
2
(15)










2 (0) = 0, and


















(pi2  = 0 (see
Fig. 2). These two regions must be disjoint, consequently ∆  pi2 , which means
 in this model  a limitation for the single detection eciency: ω  13 . Let us







































and we have to solve the integral equation (13) for ρ, substituting the above
function for f and pi2 for ∆.
One can solve (13) numerically. Figure 3 shows a numerical solution for func-
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Figure 4: This is two curves in perfect coincidence: One is the result of the
numerical calculation, corresponding to the left hand side of equation (13), the
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Figure 5: σ(α − β), the dependence of the double detection eciency on the
dierence of the two polarization angles. The horizontal line would correspond
to the case of independence: σ = ω2
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detection eciency is depending on the dierence between the two polarization
angles. Figure 5 shows the dependence of the double detection eciency on the
dierence of the two polarization angles. the The minimal double eciency 
in this example  is about 10%.
Conclusions
The importance of presenting the above 11 prism model is that we proved
the existence of an innite prism model with non-zero detection eciency. The
single and the double detection eciencies are, of course, particular features of
the particular model we constructed. Nothing excludes the existence of other
models with even higher eciencies. Although, the detection/emission ratio we
obtained is still higher than the one estimated in the real EPR experiments.
(2),(3)
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